To compare bipolar vaporization of prostate (BPVP) with photoselective vaporization (PVP) of prostate in the surgical management of benign prostatic hyperplasia in terms of safety, efficacy and cost effectiveness. Methods: Data was analyzed retrospectively for patients who underwent either PVP or BPVP between August 2012 to July 2014 for prostate size ≤ 80 ml. Preoperative and postoperative period values along with details like operative time, blood loss, hospitalization days, catheter removal time, blood transfusion and etc., were noted down. International prostatic symptom score, quality of life scores, post void residue, and maximum flow rate were recorded preoperatively and postoperatively at each follow-up visit. Follow-up was performed at 1, 3, 6 ,12 and 18 months. Results: Similar preoperative characteristics were observed in all the study arms. Hemoglobin drop, transfusion rate, catheter time and hospital days were similar in both the groups. The follow-up data indicates sustainable significant improvement in international prostatic symptom score, quality of life, post void residue and maximum flow rate in both the groups. As expected the cost of the procedure was significantly more in PVP group as compared to BPVP group ( p < 0.01). Neither group had severe perioperative complications and no blood transfusion was required in both the groups. Conclusion: Both PVP and
Introduction
Transurethral resection of prostate (TURP) remains the gold standard procedure for managing benign prostatic hyperplasia (BPH), but it is also associated with numerous complications like transurethral resection syndrome, bleeding, infection and prolonged hospitalization. For these reasons, alternative techniques are being used in order to reduce complications as well as maintain the same efficacy as monopolar TURP. In recent years vaporization techniques for the prostate gland have become popular as they are easy to learn and have a short learning curve. Both photoselective vaporization (PVP) and bipolar vaporization of prostate (BPVP) are attractive and viable alternatives to the resection techniques. PVP provides real-time tissue ablation with excellent hemostasis, even in high-risk patients, and has gained increasing acceptance. PVP has efficacy comparable to that of TURP, but the main disadvantage is that it does not provide tissue for histologic examination and is an BPVP were safe and effective alternatives in men requiring surgery for benign prostatic hyperplasia including patients who were on anticoagulants. Additionally, BPVP has the advantage of being significantly cheaper and therefore it can be more useful in developing countries.
expensive procedure [1] [2] [3] . With the advancement in the bipolar technology, the popularity of transurethral electro-vaporization of the prostate has increased. A new development of this technique is the TURis ® -PVP using the Olympus ® UES-40 Surgmaster generator (Olympus, Tokyo, Japan) and the "mushroom" or the plasma button electrode. The plasma-button alternative is characterized by reduced perioperative bleeding risk, shorter catheterization period and hospital stay, as well as satisfactory improvement in symptom scores and voiding parameters [4] [5] [6] [7] . There are numerous studies comparing both PVP and BPVP with monopolar resection, but there is a lack of data comparing the two vaporization techniques with each other to find out the better alternative. Therefore, we did a retrospective comparative study between PVP and BPVP with special focus on functional results, complications and the cost effectiveness of both the procedures. To our knowledge this study is perhaps the first study comparing the two vaporization techniques.
Methods
Data was analyzed retrospectively for patients who underwent either PVP or BPVP at our institute between August 2012 and July 2014 for prostate size ≤ 80 ml. The primary endpoint of the study was to evaluate the null hypothesis that the tissue ablation capacity, blood loss, safety characteristics, postoperative recovery period, and follow-up features determined for a period of 18 months were similar subsequent to any of the 2 types of techniques. The study was approved by the Local Ethics and Research Committee of Dr. Ram Manohar Lohia Institute of Medical Sciences, Lucknow. All patients were preoperatively evaluated with digital rectal examination, international prostatic symptom score (IPSS), quality of life (QoL) score, maximum urinary flow rate (Qmax), prostate-specific antigen level (PSA), prostate volume measured by transrectal ultrasonography (TRUS). The inclusion criteria were Qmax of <15 ml/s, IPSS >12, failure of medical therapy, and prostate volume of ≤ 80 ml. Exclusion criteria was prostate volume < 30 ml, documented or suspected prostate cancer, neurogenic bladder, bladder stone or diverticula, urethral stricture, and previous history of prostate surgery. For statistical analysis, the patients in either PVP or BPVP arms were further divided into 4 subgroups namely A1 and B1 for PVP and BPVP in prostate volume 30-60 ml, and A2 and B2 for PVP and BPVP in volume 60-80 ml, respectively.
BPVP and PVP were done by two and one experienced urologists, respectively. BPVP was performed using the special "mushroom" tip electrode and the Olympus Surg-Master UES-40 bipolar generator. The electrode displaying a plasma corona on its surface was gradually moved over the prostatic tissue (the "hovering" technique), thus producing a virtually bloodless vaporization at 280-320 W. After placing the electrode in the continuous working sheath, vaporization is begun at the bladder neck between the 4 o'clock and 8 o'clock position back to the verumontanum. In this step special care is taken to make sure that direct visulaization of the button electrode is maintained at all times so that the verumontanum, external sphincter and the ureteral orifices are not damaged. Vaporization was safely done in both the forward and backward motions of the button which further increases the efficiency of the procedure. Once the posterior aspect of the prostate is vaporized adequately, the lateral lobes were vaporized starting from the bladder neck back to the level of the bladder neck but not beyond. After the lateral lobes were dealt with, the anterior tissue was vaporized if at all needed. Coagulation of any hemorrhagic sources was practically concomitant during vaporization, while hemostasis of larger vessels was achieved by reducing the power of the generator to 120-140 W. For PVP a 120 W HPS generator and a 600 µ, side firing laser fiber having a wavelength of 535 nm, was used. For vaporization the fibre was moved in a "Paint brush" fashion and was kept in near contact with the tissue. Coagulation was done by moving the fibre slightly away (defocusing) or by reducing the power to 30-50 W. Saline was used for continuous irrigation. In all cases in both the arms a 22 F Foley catheter was placed at the end of the procedure. Irrigation was continued for 2 hours postoperatively and was stopped once the urine was clear. The catheter was removed 24 hours after the irrigation was stopped. In cases where the voiding trial failed, patients were recatheterized for 2 more days. Perioperative complications, the duration of catheterization, hospital days, etc. were all recorded. Follow-up was done at 1, 3, 6, 12 and 18 months at the outpatient clinic. At each follow-up visit, IPSS, QoL scores, uroflowmetry, residual volume measurements, and a PSA test were performed. TRUS was performrd in every patient at 1 month of follow-up. Cost was calculated for each of the individual procedures. It included the cost of procedure, hospital admission charges and money spent on follow-up visits and treatment of complications. It did not include the charges of the initial setup of machines and instruments.
Statistical analysis was performed between: 1) PVP and BPVP arms , 2) A1 and B1, 3) A2 and B2; using the SPSS 21 (Chicago, Il., USA) software. Student's t-test and the chi-squared tests were used, with p < 0.05 considered to be significant.
Results
A total of 158 patients underwent PVP or BPVP during the study period. Six patients did not meet the inclusion criteria and therefore, were excluded from the study. The preoperative characteristics mentioned in table 1 like age, IPSS score, prostatic weight, PSA values, and etc. were not statistically different between the 2 treatment modalities. Both PVP and BPVP were successfully performed on all cases except in 1 case in the BPVP arm. The cause of conversion to monopolar TURP was equipment failure. The incidence of capsular perforation and bleeding was not significantly different between the 2 arms (p value: 0.51 and 0.11, respectively). Mean operative time was similar for PVP and BPVP arms (49.5 and 51.9 minutes, p = 0.13) but on subgroup analysis operative duration was more for BPVP (B2) for glands > 60 ml, although, the difference was only marginally significant (p = 0.04). Catheterization time and hospital days were almost similar in both the arms as was the drop in hemoglobin ( p = 0.56, 0.81, and 0.66, respectively). The cost of the procedure (operation theatre charges + disposables) was significantly more in PVP arm (p < 0.01). aspirin continued aspirin continued clopidegrol continued in all except 1 where it was discontinued 5 days prior to surgery and restarted again after 24 hours continued in all continued in all aspirin was continued but clopidegrol was discontinued 5 days prior to surgery and restarted again after 24 hours bridge therapy OA = Oral anticoagulation. Bridge therapy: Warfarin stopped and i.v. unfractionated heparin started 5 days before procedure; Target INR 1 day before surgery: < 1.5, Last dose given 6 hours before surgery and restarted after 6 hours or on the evening of the surgery. Warfarin started in the morning following surgery and heparin stopped once therapeutic INR achieved. 
There was no requirement of blood transfusion in both the main arms although, there was 1.4 and 2.6% rate of clot retention in PVP and BPVP, respectively (p = 0.09).
The re-hospitalization rate due to secondary hemorrhage was similar and 1 patient in each group was readmitted after 5 days of discharge. Dysuria occurred in 9.6 and 10.2% of patients in PVP and BPVP, respectively. It subsided in all but 2 cases with anticholinergic drugs within 6 weeks. In the rest of the 2 cases, it persisted for nearly 6 months (table 3) . At 1-month follow-up, significant improvements in all the measured variables (Qmax, IPSS and QoL scores) were noted in both the PVP and BPVP groups (table 3). The differences remained stable and significant in all regards at the 3, 6, 12 and 18-month follow-up. At the 1-month evaluation of prostate volume by TRUS there were similar improvements for patients from both arms, consisting of a decrease in prostate volume of 68.7 and 69.5% for PVP and BPVP, respectively. The PSA level measured at follow-up months also displayed a similar response in the 2 arms (table 4). These improvements in the above mentioned variables were similar in subgroup analysis suggesting that both PVP and BPVP were effective treatment options.
Discussion
A variety of vaporization procedures using different energy sources have been described [8] . Long-term data and the number of randomized controlled trials for procedures other than PVP are limited [9, 10] . Numerous studies have proven that PVP has a similar or greater efficacy to TURP in terms of Qmax, post void residue (PVR), QoL and IPSS and offers several advantages over TURP in terms of blood loss, transfusion, capsular perforation, transurethral resection syndrome, catheterization time and hospital stay [11] [12] [13] . Although, the 180 W PVP system has been introduced with success in many centers in the United States and Europe, 120 W PVP system is still safe and efficacious for managing BPH [11] [12] [13] . Similarly, some recent series have suggested excellent hemostatic efficiency of BPVP as compared to TURP and similar short-term functional outcomes [14, 15] . Long-term follow-up of BPVP is not available at present, but there are quite a few studies with short-and mid-term follow-up that show it is a safe and effective procedure [6, 16] . Both photoselective and bipolar vaporization are carried out in normal saline, and both have the advantage of concomitant vaporization and coagulation. These properties do not alter the visual characteristics of the tissues, enabling the surgeon to differentiate between the adenomatous tissue, the muscular fibres of the prostatic capsule and the anatomical boundaries of the operating area with increased accuracy. Due to the lack of bleeding, visibility remains excellent throughout the procedure. The mean drop of hemoglobin was 0.7 g/dL for the PVP arm and this is in accordance with the studies performed by Ansari and Lukas et al. [12, 13] who in their studies have also reported less blood loss for PVP. Similarly for BPVP arm, the mean drop of hemoglobin was near 0.8 g/dL and therefore, no blood transfusion was required. Geavlete and Kranzbu¨hler et al. [5, 17] , in their studies have also reported 0% transfusion rate for BPVP. In our (table 2) . In both the arms there was no significant bleeding complication in such patients. In earlier trials, PVP has already proved that it is indeed helpful in patients who are on anticoagulants as this laser is selectively absorbed by hemoglobin, within the prostatic tissue and thus helps in removal of the tissue by rapid photothermal vaporization of the heated intracellular water [18] [19] [20] . However, there are not many studies in literature regarding the use of BPVP in patients receiving antiplatelet/anticoagulants barring a few like Kranzbuhle and Delongchamps et al. who in their studies reported that BPVP was safe in patients receiving anticoagulants, although, the majority of these patients were on antiplatelet drugs rather than on oral anticoagulants [17, 21] . This quality of BPVP is perhaps because significant high energy is contained within the plasma layer and is released locally on contact of the tissue to a more specific point with less collateral spread. Additionally, bipolar energy could result in significantly more depth of coagulation as suggested by some studies on bipolar TURP [22, 23] . There were no significant intraoperative complications in both the study arms and the perioperative outcomes like irrigation time, catheterization time and time to discharge were similar in both the groups. Operative time was also same in both the main groups, although on comparison between the subgroups, the duration was more for BPVP when the prostate size was more than 60 ml (A2 vs. B2: 57.5 vs. 65.8 minutes). The reason for this could be the unavoidable pauses in the plasma activation process, every 8-12 s, to prevent the bipolar generator from overheating. This perhaps affects the fluency of the BPH tissue ablation specially for larger sized glands. This drawback is somewhat counterbalanced by the fact that tissue vaporization occurs both with the passive as well as with the active movement of the electrode. Furthermore, with the development of the new ESG-400 bipolar generator (Olympus Europe, Hamburg, Germany) vaporization time can be further reduced by approximately 22%. This is because the new generator permits a continuous plasma activation process without any pause and that too at substantially lower currents (200 W for vaporization and 120 W for coagulation) [24] . The recatheterization rate in our study was 2.7 and 2.6% for PVP and BPVP, respectively. All cases could void after their second voiding trial after 2 days. The reduction in prostate volume at the end of the first month was about 69% in both the arms and is similar to that reported for other series [14] . There were significant improvements in Qmax, IPSS and QoL scores in both the groups initially as well as at 18 months, suggesting the durable results of both the procedures. No significant differences were found in the occurrence of short-as well as long-term complications like clot retention, secondary hemorrhage, re-operation, stricture formation and bladder neck contracture. These results were also comparable to those reported in other studies on PVP and BPVP [5-7, 10-13, 16, 17, 25 ].
There was a major difference between the 2 arms in terms of expenditure [PVP vs. BPVP: 96500 Indian Ruppee (INR) vs. 34600 INR]. Stovsky et al. [26] in their study did a cost analysis comparing PVP with other minimally invasive therapies and reported that most costs at all time were due to the initial procedural intervention, whereas only 6-30% of it was related to re-treatment or treatment of complications. This is true for our study as well, wherein the hospital charges, cost of follow-up visits and of treatment failure was similar in both the groups. The difference was mainly in the cost of disposables and theatre charges, but that was fairly substantial. Preliminary cost analysis studies on KTP laser prostatectomy are in favor of PVP when compared to TURP. This is mainly due to considerably shorter hospital stay, length of catheterization and fewer complications [27] . This could be true when PVP is compared with TURP but not when it is compared to BPVP. As shown in this study as well as in others, the hospital days, catheterization time, complication rates, re-intervention rate and improvement in symptom scores are comparable to those reported for PVP [5-7, 16, 17, 25] . PVP may potentially provide cost savings for patients on anticoagulants for whom bleeding risk and management of anticoagulation therapy can complicate treatment but the data for this study showed equal safety profile for both BPVP and PVP in patients on anticoagulants.
The level of evidence supporting safety and efficacy of green light laser is much higher than for BPVP. A meta-analysis with pooled results from 9 different randomized controlled trials and 889 study participants followed-up for 6-36 months was published recently [28] . Although BPVP has shown promising results, they still need to be confirmed in more randomized trials and in studies with longer follow-up. Nevertheless, in countries like ours where finances are an issue, and resources are limited; BPVP with its equal safety and efficacy profile may stand as a better alternative to PVP in the future. The major reason being that for the latter, the initial setup cost is more and the recurring high cost of a new laser fiber for every single procedure is unavoidable.
The main drawback of the study is that it is a retrospective single center study with only mid-term followup and therefore a multicenter trial with longer follow-up would be definitely more informative.
Conclusion
Both PVP and BPVP were safe and effective procedures in men with BPH including those on anticoagulants. BPVP has the additional advantage of being significantly cheaper although, multicenter trials with long follow-up are needed for bipolar vaporization to supersede photoselective vaporization with green light.
